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The occurrence of Barlonella anemia in the rat affords an excellent 
index of splenic function and opens a  new avenue of approach in the 
investigation of  certain phases of  spleen physiology particularly  as 
regards its r61e in infection and resistance.  The rat  possesses little 
hemolymph tissue  (1)  and,  unlike other mammals,  removal of  the 
spleen results in almost complete removal of all splenoid tissue of the 
body.  The pathology of Bartonella muris  anemia has  been  briefly 
described by Lauda (2) and casual references to it have been made by 
other investigators (3, 4).  Many phases of the pathological changes 
occurring in this disease have not been described.  We  studied the 
pathological anatomy of the Bartonella infection and the compensatory 
changes  which  occurred  as  a  result  of  splenectomy.  In  previous 
studies we have demonstrated that the adult normal rat is a carrier of 
the Bartonella muris virus and that the peripheral blood is a source of 
infection (5).  The blood of adult normal rats of carrier stock when 
injected into young immature rabbits produces in the rabbit a  severe 
anemia with the  appearance  of  Bartonella  bodies  in  the  red  cells 
in large numbers.  Diseases  which  severely injure  the  splenic pulp 
tissue may permit a  flare-up of a  latent infection of Bartonella muris 
anemia.  Trypanosoma lewisi infection in  the rat  is accompanied at 
the height of the infection by the appearance of Bartonella bodies in 
the  red  cells  and  a  moderate  anemia.  Oroya  fever  or  Bartonella 
bacilliformis infection in human beings occurs generally among indi- 
viduals whose spleens are severely injured-from chronic malarial infec- 
tion.  We have found that small autotransplants of splenic tissue into 
the abdominal wall of rats inserted 7 weeks prior to splenectomy will 
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result in protection against the infection in more than 50 per cent of 
rats.  In those rats protected against the Bartonella  anemia all ele- 
ments of the spleen are regenerated, but in the rats which are unpro- 
tected  the  splenic  pulp  shows  exhaustion atrophy.  A  study of the 
pathological changes in unoperated immature 3 week old rats infected 
with  the  Bartonella  infection by  injection  of  blood  from  an  adult 
anemic rat  indicated that  the pulp  cells of the  spleen  are  severely 
injured in Bartonella anemia (6). 
In the present studies the pathological anatomy of Bartonella muris 
anemia is described.  An effort is made, where possible, to trace the 
pathogenesis of the disease. 
Methods 
A series of 15 rats were splenectomized  and killed at intervals during the first 2 
weeks after splenectomy.  The intervals were determined by the degree of anemia 
so that the changes at different stages of the anemia could be studied.  In addi- 
tion, the pathological changes in a large series of rats dying of Bartonella muris 
anemia in  the course of other  experiments were studied.  The  pathology of 
Bartonella anemia in 3 week old rats with intact spleens that had died of anemia 
following  injection of blood of adult splenectomized  rats was also included in this 
study.  Detailed protocols have been omitted.  In all instances bone marrow was 
examined and routine hematoxylin-eosin stains  used, except where otherwise 
indicated. 
An anemia develops within 2 to 7 days following splenectomy in the 
adult rat.  The red cell count and the hemoglobin drop at the same 
rate.  Often within  2  or  3  days the count is less  than one million 
and the hemoglobin less than  10  per  cent.  The blood shows poiki- 
locytosis, anisocytosis, polychromasia and nucleated red  cells.  The 
Bartonella bodies appear as small diplococci and bacilli on the surface 
of the red cells and may number 15 to 20 in a  cell.  They have been 
described in considerable detail by Ford and Eliot (7), Mayer (8) and 
others. 
At autopsy a  rat dead from Bartonella anemla presents a  striking 
picture. 
The subcutaneous tissue and the fat have an icteric tint.  The blood is watery 
and does not clot.  The tissues and the organs of the body are strikingly anemic. 
Free fluid is present in varying amounts in the peritoneal cavity and effusions  are 
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Heart.--The myocardium is yellowish brown and fatty.  Microscopic section 
reveals the presence of fat droplets within the heart muscle cells as is found in all 
severe anemias.  The degree of myocardial fatty metamorphosis is directly propor- 
tional to the severity of the anemia.  WRh the recovery of the animal no residual 
evidence of the  degeneration  of the  muscle remains.  No inflammatory lesions 
have been noted.  The lesion represents  a  severe parenchymatous degeneration 
as  a  result  of infection  with  marked  fatty  change  secondary to an  anoxemia 
resulting from the anemia. 
Lungs.--The lungs show no changes other than pallor and a  terminal edema. 
No inflammatory lesions of the upper respiratory passage are observed.  However, 
in animals recovering from the anemia pneumonic lesions in the lungs are fre- 
quently seen.  These pulmonary infections appear as small pulmonary abscesses 
with  central necrosis.  In other instances  a  mucoid  exudate  is  present  in  the 
alveoil.  It is composed of pale staining stringy material in which are scattered a 
few desquamated epithelial dements.  In places the entire alveolus becomes filled 
with vacuolated epithelial cells.  These changes are due to secondary infections 
independent of the Bartonella infection.  In immature passively infected rats the 
pneumonic complications are more common and congestion of the vessels of the 
lung is prominent. 
Spleen.--The changes in the spleen in Bartonella muris anemia may be studied 
in the 3 week old rat with intact spleen since at this age the rat may be infected with 
Bartonella muris anemia by injection of blood of an anemic adult splenectomized 
rat.  In those rats that rapidly succumb to the anemia the spleen is swollen, soft 
and slightly enlarged.  On section  the pulp is quite pale.  Microscopically the 
pulp  contains large areas of necrosis.  The follicles  are distinguishable  but not 
prominent.  The necrotic zones are not surrounded by any cellular dements indi- 
cative  of inflammatory  reaction.  The  sinuses  are  distended,  the  endothelial 
dements are swollen and in some areas many endothelial  cells  have undergone 
disintegration.  The  focal areas  of necrosis  develop  about  such  disintegrating 
dements.  Phagocytosis of disintegrating red ceils laden with Bartonella  bodies 
by the endothelial dements is rapidly followed by necrosis of these ceils.  The 
rapidity of the process in the young rat,  24 to 48 hours, does not permit  of  a 
detailed study of the development of these lesions.  In places small, dirty, bluish 
loci are seen within  the necrotic areas.  Fig.  1 illustrates  the presence of large 
areas of necrosis in the spleen of a 3 week old rat dying of anemia produced by the 
injection of blood of an anemic rat.  In young rats that survive the infection or 
live a few days, there is a definite reaction of the lymphoid tissue of the spleen. 
The spleen is  larger than  normal.  Microscopically the follicles are prominent 
and show a marked increase in the pale staining reticular elements that appear as 
lighter zones about the lymphocytes.  There is hyperplasia of the lymphoblastie 
elements in the germinal centers and a  hyperplasia of the surrounding reticular 
cells.  Secondary lymphoid follicles  develop in extrafollicular areas.  It is prob- 
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rather than a  true  lymphocytic response  to the  infection.  Large quantities of 
blood pigment are seen in swollen endothelial and reticular cells. 
Liver.--The changes in the liver can be followed more accurately.  The organ 
is soft in consistency and yellowish in color.  The lobular markings are not clearly 
distinguishable.  On section the liver cells show varying quantities of fat droplets. 
There is a diffuse distribution of the lipoid material in the central and periportal 
areas.  Scattered diffusely through the liver are areas of focal necrosis with no 
surrounding  inflammatory  reaction.  The  histogenesis of  these  lesions  can  be 
studied and different stages of the process may be observed in rats killed before the 
height of the anemia is reached.  The Kupffer cells phagocytize red blood cells 
containing Bartonella bodies.  They swell enormously so  that  a  single Kupffer 
cell may fill an entire capillary lumen.  Several such enormously distended cells 
are seen in Fig. 3.  At a later stage the Kupffer cells proliferate and increase in 
number and small foci of Kupffer cells accumulate within the lumen of the liver 
capillaries compressing the surrounding liver cord.  See Fig. 4.  These  engulf 
red cells and pigment.  Gradually they undergo degeneration, disintegrate and 
focal necrosis develops.  Nuclear debris can still be seen within these areas. 
Occasionally small leucocytic foci are found in the liver of animals which are 
recovering from the anemia.  The areas of necrosis heal, and repair occurs without 
scar formation. 
The suprarenal glands are slightly enlarged and microscopically there is cloudy 
swelling of the cortical cells. 
Kidneys.--The  kidneys  are  the  seat  of  severe  degenerative  changes.  At 
autopsy they are pale and swollen, the markings are indistinct.  Microscopically 
the glomeruli show large areas of necrosis with a marked diminution of the nuclear 
elements.  In some glomeruli the endothelial cells are swollen, the capillaries are 
free of blood, occasionally a  few red cells are seen in the space of Bowman, or a 
small accumulation of serum is present just beneath  Bowman's  capsule.  The 
necrosis of the tuft commences in a few endothelial elements and the rapid disinte- 
gration of the cells may go on until an entire glomerulus is necrotic (Fig. 6).  Rarely 
proliferation of the endothelium of the  capsule of the tuft is seen.  This is not 
indicative of inflammation but a part of the generalized endothelial hyperplasia. 
The lesions in the glomeruli are not prominent. 
The tubules, however, show a very extensive lesion.  Many of the tubules are 
completely necrotic.  The epithelium lining the tubules shows no nuclear elements, 
the lumina are filled with debris and albuminous material (Fig. 7).  The lesion is 
that of a severe nephrosis primarily with less prominent degenerative changes of 
the glomeruli.  Occasionally a yellowish pigment is seen in the epithelium of the 
convoluted tubules.  Fat droplets are present in the epithelium of the collecting 
tubules. 
The severe nephrosis is due to the severity of systemic infection but the excretion 
of hemoglobin in large amounts must contribute to the lesion.  Hemoglobinuria 
is a common symptom in severe instances of Bartonella murls anemia.  At autopsy 
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It became apparent  in  studying  the  lesions of the kidney  that  the 
urine may be a  source of dissemination of Bartonella muris.  Eliot and 
Ford  (9)  have  already  shown  that  parasites  will  transfer  it.  Con- 
tamination of food by the urine of infected rats is conceivably another 
means  of  its  transmission.  To  test  the  infectivity  of  the  urine  the 
following experiment was performed: 
Three splenectomized rats were placed each in a specially constructed metab- 
olism cage consisting of a large glass funnel at the narrow end of which was placed 
a glass plate so cut as to permit the escape of urine but not of feces.  The end of the 
funnel fitted into a 50 cc. bottle.  The urine was collected during the height of 
the anemia, neutralized and injected in amounts of 0.3 cc. into 3 week old rats. 
Two of three rats injected developed a  severe anemia with  the appearance of 
Bartonella bodies in the red cells. 
From this experiment it is evident that the Bartonella bodies or the 
virus of the anemia is present in the urine and is capable of infecting a 
susceptible animal when injected into such animals. 
Thymus.--The  thymus gland is the seat of focal necrotic lesions.  The lympho- 
cytic elements are atrophic.  The focal areas of necrosis are in the medulla.  In 
places about the necrotic zones are thrombosed capillaries.  (See Fig.  8.)  The 
nature of these thromboses and their histogenesis  can be determined by observing 
the  early  changes  in  some  of  the  non-thrombotic  capillaries.  Occasionally 
marked swelling and proliferation of the endothelial elements of a capillary wall 
occur.  Fig.  5  illustrates  the  reaction  of  the  capillary  endothelium.  Several 
cells have desquamated into the lumen.  The injured epithelial lining is probably 
the nidus of thrombus formation and  the focal necroses  are in  part a result of 
impaired circulation. 
Bone Marrow.--The bone marrow is deep red even in fatal cases, and an attempt 
at regeneration of the red cell elements is present.  The bone marrow shows large 
numbers of erythropoietic elements.  Many megaloblasts are present. 
Lymph Nodes.--Many of the nodes show some degree of catarrhal lymphadeni- 
tis.  That is, the endothelial elements of the sinuses proliferate and fill the sinuses. 
The follicles are not prominent.  The endothelial elements form small sheets of 
cells. 
DISCUSSION 
This disease affects primarily the endothelial tissue of the body and 
to a  lesser extent the reticular elements.  In the spleen  (of the young 
rat)  the  areas of necrosis arise in the  endothelial  elements lining  the 
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the Kupffer cells show marked phagocytic activity and proliferate. 
Death of these elements follows as a focal necrosis.  It is probable that 
capillary thrombi may contribute to the ischemia of these areas.  In 
the lymph nodes and in the thymus the lesions are almost entirely a 
result of hyperactivity and exhaustion of endothelial elements and the 
thymus presents focal capillary thrombi and marked activity of the 
endothelial capillary elements such as are found in the Kupffer cells 
of the liver.  The kidneys show two types of lesions, one dependent on 
endothelial destruction in  some of the  capillaries  resulting  in  focal 
necrosis in  the  glomeruli;  the  other  a  severe nephrosis,  a  result of 
severe infection and the excretion of hemoglobin.  So called idiopathic 
hemoglobinuria of human beings may not result in any demonstrable 
lesions at death but autopsies during attacks are rare.  In rats the phys- 
iological injury  to  the  capillaries even where no marked lesions are 
present is indicated by the appearance of hemoglobin in the urine and 
the  excretion of the virus  of Bartonella  muris.  Finally  the hyper- 
plasia of bone marrow is the expression of regeneration of the red cell 
elements. 
The pathological changes in this infection are due to several influ- 
ences.  The parasite resides in the red ceils of the host and produces a 
rapid destruction of these cells.  The cellular debris that accumulates 
in the circulating blood must be removed and the enormous activity 
of the endothelial cells of the capillaries of many of the internal or- 
gans is indicative of the participation of these elements.  The severe 
nephrosis may be referable to the liberation of toxic substances during 
the red cell destruction.  The severe, rapidly developing anemia leads, 
by  anoxemia  of  the  tissues,  to  marked  fatty  degeneration  of  the 
parenchymatous tissue of the heart, liver and kidneys.  The icterus is 
a  manifestation of severe blood destruction, and of liver injury.  In 
young animals the endothelial reaction in the spleen, liver,  thymus 
and lymph nodes is analogous to the reaction of these elements in other 
parasitic blood diseases, as, for example, malaria, and in such metabolic 
diseases  as  Gaucher's  disease.  The  severe  endothelial  lesions,  the 
presence of focal necrosis in  the liver and in  some instances in the 
thymus does not indicate that Bartonella muris anemia is a  disease of 
the reticulo-endothelial system as maintained by Cannon and others. 
The reaction of the phagocytic elements comprising this system must 
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Bartonella muris anemia is primarily a disease of the red cells of the 
body, like malaria.  The r61e of the spleen is a specific one in prevent- 
ing the invasion of the red cells en masse by this virus.  This protec- 
tive action is not completely developed in the 3 week old rat since at 
this period the unsplenectomized animal is susceptible to infection.  In 
the adult, however, infection cannot occur with the spleen intact.  If 
it is removed then the infection influences, through the blood destruc- 
tion that it causes, the endothelial elements of the body. 
It is important to determine whether the function of the spleen in 
preventing Bartonella infection is taken over by any other group of 
cells or tissue and if so, the nature of the compensatory mechanism. 
SUMMARY 
The pathological changes that follow a  severe infection with Bar- 
tonella muris  in the adult or young albino rat are:  First,  those that 
result  from the  release of large  quantities  of cellular debris  in the 
circulating blood.  There is  phagocytic activity and  hyperplasia of 
the endothelial elements of the liver, thymus, lymph nodes and, in the 
young rat,  of these elements in  the spleen, with resultant  capillary 
thromboses and focal necroses.  Second, changes result from the anemia 
as  such--fatty metamorphosis of heart,  liver  and  kidneys.  Third, 
there is a severe nepkrosis and in some instances a degenerative process 
in the glomeruli.  In the bone marrow hyperplasia of erythropoietic 
elements occurs. 
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EXPLANATION OF PLATES 
The tissues were stained with hematoxylin-eosin. 
PLATE 32 
FIo. 1.  Spleen of a 3 week old unoperated albino rat, dead of Bartonella muris 
anemia.  Large areas of necrosis in the pulp.  Magnification 240 ×. 
Fro.  2.  Adult  splenectomized  rat,  killed  at  the  height  of  Bartonella  murls 
anemia.  Liver showing areas of focal necrosis.  Note the absence of inflammatory 
reaction about the areas of focal necrosis.  Magnification 240 X. 
PLATE 33 
Fie.  3.  Adult  splenectomized rat,  killed  at  the  height  of anemia.  Liver-- 
Kupffer cells enormously distended filling the lumen of the capillaries.  The phago- 
cytic activity of these cells is prominently illustrated.  Magnification 1200 ×. 
FIe.  4.  Adult  splenectomized rat,  killed  at  the  height  of anemia.  Liver-- 
showing  proliferation of Kupffer cells, dilating the capillary space, some under- 
going necrotic change.  Magnification 1200 X. 
FIG. 5.  Adult splenectomized rat, killed at the height of anemia.  Thymus-- 
capillary wall showing  swelling of endothelial cells, proliferation and desquama- 
tion.  Magnification 1200 ×. 
PLATE 34 
Fro. 6.  Adult splenectomized rat, killed at the height of anemia.  Kidney-- 
complete necrosis of glomerulus,  Magnification 480 ×. 
FIG. 7. Adult spleaectomized rat, killed at the height of anemia.  Kidney-- 
nephrotic changes.  The tubular epithelium shows marked degeneration, loss of 
nuclear elements, swelling  and disintegration of the  cytoplasm.  Magnification 
480  ×. 
FIo. 8.  Adult splenectomized rat, killed at the height of  anemia.  Thymus: 
medulla--showing  focal  necrosis.  Note  the  thrombosis  of  the  small  vessel. 
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